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Abstract
Searches for supersymmetry (SUSY) at the LHC frequently assume the conservation
of R-parity in their design, optimization and interpretation. In the case that R-parity is not
conserved, constraints on SUSY particle masses tend to be weakened with respect to R-
parity-conserving models. We review the current status of searches for R-parity-violating
(RPV) supersymmetry models at the ATLAS and CMS experiments, limited to 8 TeV search
results published or submitted for publication as of the end of March 2015. All forms of
renormalisable RPV terms leading to prompt signatures have been considered in the set of
analyses under review. Discussing results for searches for prompt R-parity-violating SUSY
signatures summarizes the main constraints for various RPV models from LHC Run I and
also defines the basis for promising signal regions to be optimized for Run II. In addition to
identifying highly constrained regions from existing searches, also gaps in the coverage of
the parameter space of RPV SUSY are outlined.
1Published in Advances in High Energy Physics, vol. 2015, Article ID 982167, 24 pages, 2015.
ar
X
iv
:1
51
2.
05
95
6v
1 
 [h
ep
-ex
]  
18
 D
ec
 20
15
Contents
1 Introduction 2
2 R-parity-violating parameters and constraints 3
2.1 Parameters for RPV SUSY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
2.2 Pre-LHC constraints . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4
3 Overview of analyses searching for RPV SUSY 5
3.1 Strategies for simulating and selecting events . . . . . . . . . . . . . . . . . . . . . . . 5
3.2 Strategies for presentation of results . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6
3.3 Details for RPV searches at ATLAS . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7
3.4 Details for RPV searches at CMS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10
4 Bilinear R-parity violation 12
4.1 bRPV mSUGRA model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13
4.2 Results for bRPV searches . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14
5 LLE models 15
5.1 LLE simplified models . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15
5.2 LLE RPV results with electroweak or g˜ production . . . . . . . . . . . . . . . . . . . . 16
5.3 LLE RPV results for t˜1 production . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17
6 LQD models 18
6.1 Simplified LQD models for t˜1 production . . . . . . . . . . . . . . . . . . . . . . . . . 18
6.2 Results for t˜1 production . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19
7 Resonance production and decay 19
7.1 Resonance via tau sneutrino . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20
7.2 Resonance searches . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21
8 UDD models 21
8.1 g˜ production with multi-jets at ATLAS . . . . . . . . . . . . . . . . . . . . . . . . . . . 21
8.2 g˜ production with leptonic final states at ATLAS . . . . . . . . . . . . . . . . . . . . . . 24
8.3 g˜ production with multi-jets at CMS . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25
8.4 g˜ production with same-sign leptons at CMS . . . . . . . . . . . . . . . . . . . . . . . . 25
8.5 t˜1 production with jet pairs at CMS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26
9 Conclusions 27
1
1 Introduction
One of the primary objectives of the detectors at the LHC is the search for new particles and phenomena
not described by the Standard Model of particle physics (SM). Weak-scale supersymmetry [1–9] is a
well-motivated and well-studied example of a theory beyond the SM (BSM) used to guide many of these
searches. One attractive feature of SUSY is that it can solve the SM hierarchy problem [10–15] if the
gluino, higgsino and top squark masses are not much higher than the TeV scale. Closely related to this
is the paradigm of naturalness, see, for example, [16, 17].
In this document, we review constraints on SUSY models in the presence of lepton- or baryon-
number violating interactions (/L and /B, respectively) at the end of LHC Run I. These interactions are
present in generic SUSY models with minimal particle content. They are renormalizable and are de-
scribed by the following superpotential terms:
W/LRPV =
1
2
λi jkLiL jE¯k +λ
′
i jkLiQ jD¯k + εiLiH2, (1a)
W/BRPV =
1
2
λ
′′
i jkU¯iD¯ jD¯k. (1b)
In this notation, Li and Qi indicate the lepton and quark SU(2)-doublet superfields, respectively, while
E¯i, U¯i and D¯i are the corresponding singlet superfields. The indices i, j and k refer to quark and lepton
generations. The Higgs SU(2)-doublet superfield H2 contains the Higgs field that couples to up-type
quarks. The λi jk, λ
′
i jkand λ
′′
i jk parameters are new Yukawa couplings, referred to as trilinear R-parity-
violating couplings. The εi parameters have dimensions of mass and are present in models with bilinear
R-parity violation (bRPV). The terms in Eq. (1) are forbidden in many models of SUSY by the imposition
of R-parity conservation (RPC) [10,18–21] in order to prevent rapid proton decay. However, proton decay
can also be prevented by suppressing only one of W/LRPV or W/BRPV, in which case some R-parity-violating
interactions remain in the theory.
Introducing RPV couplings in the minimal supersymmetric Standard Model (MSSM) can signi-
ficantly weaken mass and cross-section limits from collider experiments and also provide a rich phe-
nomenology, see, for example, the articles [22–24] or [25,26]. A systematic phenomenological overview
of possible signatures for specific RPV scenarios is summarized in Ref. [26] going through all possible
mass orderings and determining the dominant decay signatures. Many papers have investigated sig-
natures beyond the focus of most searches for SUSY at the LHC. Among such challenging scenarios
are highly collimated LSP decay products [27,28], same-sign dilepton signatures [29,30], taus and b-jets
with reduced missing transverse energy [31], resonances of di-jets [32,33], high object multiplicities [34]
or, more specifically, a charged lepton plus multiple jets [35].
In this note, we review the current constraints from various ATLAS and CMS searches for SUSY
based on approximately 20 fb−1of pp collision data with
√
s = 8 TeV collected in 2012. This review is
organized as follows: After a short overview of R-parity-violating parameters and previous constraints
of RPV SUSY in Section 2, the main characteristics of analyses searching for RPV SUSY at ATLAS
and CMS are presented in Section 3. The next sections focus on the results assuming the dominance of
particular R-parity-violating couplings: After the results for bRPV scenarios in Section 4, several limits
for simplified models assuming LLE, LQD or a combination of LQD and LLE relevant for resonance
production are discussed in Sections 5, 6 and 7, respectively. In order to constrain models based on UDD
couplings, Section 8 summarizes several results both from ATLAS and CMS searches. Finally, conclu-
sions from R-parity-violating searches at LHC Run I are drawn and some implications for strategies to
investigate uncovered parts of the RPV SUSY parameter space for Run II are outlined.
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Figure 1: Feynman diagrams associated with the trilinear R-parity-violating superpotential interactions
involving λ, λ ′ , or λ ′′ . (q˜)q and (l˜)l denote (s)quarks and (s)leptons, respectively. Arrows on the (s)quark
and (s)lepton lines are displayed to indicate the flow of the baryon or lepton number.
2 R-parity-violating parameters and constraints
For each particle, R-parity is defined as PR = (−1)3(B−L)+2s in terms of the corresponding spin, baryon
and leptons numbers. All Standard Model particles and the Higgs bosons have even R-parity, while all
supersymmetric particles (sparticles) have odd R-parity. As described, for example, in [36], an extension
of the minimal supersymmetric Standard Model with R-parity-violating interactions, does not extend the
number of the supersymmetric particles. Direct phenomenological consequences of R-parity-violating
interactions are:
• The lightest supersymmetric particle (LSP) is not necessarily stable.
• Sparticles can also be produced in odd numbers, in particular single-sparticle production is possi-
ble.
Conversely, in R-parity-conserving models, only pair production of SUSY particles is possible in colli-
sion processes, with the stable LSP being a possible candidate for dark matter. An excellent review of
LHC Run I searches with one focus on RPC SUSY is given by [37]. In this section a short overview of
RPV parameters and also of constraints previous to LHC searches are given.
2.1 Parameters for RPV SUSY
The number of R-parity-violating parameters can be obtained from Eq. (1a) and Eq. (1b): Counting
the possible generation indices in the terms εi and λ
′
i jk leads to 3 and 27 parameters, respectively. As
explained, for example, in [22], antisymmetries in the summation over gauge indices, suppressed in the
notation of Eq. (1a) and Eq. (1b), lead to λi jk = −λ jik and λ ′′i jk = −λ
′′
ik j. Due to these antisymmetric
relations, 9 independent R-parity-violating parameters of type LLE and UDD arise, respectively. The
structure of trilinear R-parity-violating couplings leads to Feynman diagrams as illustrated in Fig. 1
from [22].
Possible signatures implied in various RPV scenarios are summarized in [26]. Although the ma-
jority of R-parity-violating analyses focuses on neutralino (χ˜01 ) LSPs, alternative types of LSPs have
been studied in [38] and within the framework of bRPV models also in [39]. It is also interesting to
note that constraints for RPV couplings from theoretical considerations have been discussed, for exam-
ple, in [22]: In contrast to fixing individual RPV couplings explicitly, the assumption of spontaneous
breaking of R-parity can lead to high predictivity for the actual values of these couplings. One possible
mechanism is based on right-handed sneutrino fields aquiring vacuum expectation values thus generat-
ing RPV couplings, see [22] and references therein. In this context also the µνSSM [40] as a natural
extension of Eq. (1) is relevant, leading to interesting implications for LHC signatures, as recently dis-
cussed in [41]. Constraints for RPV couplings can also be derived from flavor symmetries, investigating,
for example, flavor symmetry groups related to the Yukawa couplings and hierarchy of fermion masses.
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Within the so-called minimal flavor violation model [42], the size of the small R-parity-violating terms
is determined by flavor parameters, and in the absence of neutrino masses only the UDD terms remain
in the superpotential Eq. (1b). Recently, implications of fundamental symmetries on R-parity-violation
have been reviewed in [43], emphasizing, for example, that the simplest supersymmetric theories based
on local B−L predict that R-parity must be a broken symmetry.
2.2 Pre-LHC constraints
A very large number of bounds for the trilinear R-parity-violating couplings have been deduced from
studies of low and intermediate energy processes. In particular, rare decays involving flavor violation,
constitute constraints on RPV couplings. Processes that violate lepton number or baryon number also
provide strong limits on R-parity-violating couplings. Presenting these indirect bounds is beyond the
scope of this review, referring the reader to corresponding reviews, see, for example, [22] and [44].
Many indirect bounds on the trilinear couplings assume single coupling dominance, where a single R-
parity-violating coupling dominates over all the others.
However, it is important to note in general these bounds on R-parity-violating couplings are relaxed
for increased masses of SUSY particles involved; see, for example, [45]. In this context it is illustrative
to look at the strong constraint derived from non-observation of proton decay; see [46]:
λ
′
11k ·λ
′′
11k . 10−23
( mq˜
100 GeV
)2
, (2)
where mq˜ is the typical squark mass. As already noted before, it is sufficient to eliminate only one of
W/LRPV or W/BRPV, corresponding to Eq. (1a) or Eq. (1b), to forbid proton decay. The form of the above
constraint also shows the anti-correlation between the mass scale of intermediate SUSY particles and the
size of their RPV couplings. It is interesting to note that a possible solution to circumvent proton decay
has also been established in the minimal flavor violation model [42].
Various results of analyses searching for non-vanishing R-parity-violating couplings have been ob-
tained in pre-LHC collider experiments. Constraints from existing searches for RPV SUSY can be
classified, for example, by the category of contributing RPV couplings:
• LEP results [47–51] have investigated various trilinear RPV couplings, typically leading to mass
limits at the scale of 100 GeV.
• HERA searches have mainly focused on signatures from λ ′i jkcouplings assuming the dominance of
a single coupling [52–55]. A very distinctive signature from a narrow-width resonance in sparticle
production with subsequent decay can be possible for a non-zero LQD coupling or a combination
of LQD and LLE couplings. Therefore couplings of λ ′i jk-type at HERA would allow resonant single
squark production, corresponding to high sensitivities in different search channels. Expressing the
limits in terms of the sparticle masses, squark masses above 200 GeV have been excluded.
• Several searches at the Tevatron [56] have constrained various trilinear couplings and/or spar-
ticle masses even stronger. The signatures studied at the Tevatron include searches for multi-
leptons [57,58] (via LLE) or multi-jets [59] and pairs of di-jets [60] (via UDD, respectively). Also
resonant sparticle production [61–63] with subsequent decay (via a combination of LQD and LLE
couplings) has been considered.
Since several of these signatures investigated at the Tevatron have set the strongest collider-based RPV
limits before the LHC, we shortly mention some of these limits as benchmarks in comparison to LHC
constraints to be discussed later. Using the multi-jet final state, the CDF Collaboration has excluded
gluino masses up to approximately 150 GeV for light-flavor models [59]. Based on the search for pairs
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of di-jets, as predicted from decays in stop-quark pair production, stop masses up to 100 GeV have been
excluded [60]. The CDF experiment has also set a limit on the expected cross-section at approximately
100 fb from multi-lepton search results [58]. In a benchmark scenario of resonant sneutrino production
and subsequent lepton-flavor violating (LFV) decay into different charged lepton flavors, τ-sneutrino
masses around 500 GeV have been excluded [62].
Prior to LHC searches, no direct exclusion limits from LEP, HERA or Tevatron have been obtained
for bRPV models. However, several studies have investigated bRPV phenomenology at the Tevatron [56,
64–66], elaborating, for example, signatures of multi-leptons or displaced vertices.
Significantly reducing the size of R-parity-violating couplings generically leads to late LSP decays.
Since the corresponding part of the RPV parameter space for small R-parity-violating couplings does not
predict prompt signatures at the LHC, no further details used in the searches for late decays are discussed
here. It should however be mentioned that a number of analyses at ATLAS [67–71] and CMS [72–76]
have probed signatures related to long-lived sparticles and displaced vertices expected in such cases
deriving also strong limits on SUSY masses. A phenomenological overview of these searches for long-
lived sparticles has recently been presented, for example, in [77].
3 Overview of analyses searching for RPV SUSY
Both ATLAS [78] and CMS [79] are multi-purpose detectors designed for the study of pp and heavy-ion
collisions at the LHC. They provide nearly full solid angle coverage around the interaction point. Each
detector uses a right-handed coordinate system with its origin at the nominal interaction point in the
centre of the corresponding detector and the z-axis along the beam pipe. Cylindrical coordinates (r,φ )
are used in the transverse plane, φ being the azimuthal angle around the beam pipe. The pseudorapidity
is defined in terms of the polar angle θ as η =− ln tan(θ/2).
3.1 Strategies for simulating and selecting events
The 8 TeV pp data set, after the application of beam, detector and data quality requirements, has an
integrated luminosity of approximately 20 fb−1 both for ATLAS and CMS detectors. It is interesting to
note that the average number of pp interactions occurring in the same bunch crossing at 8 TeV varies
between approximately 10 and 30, necessitating systematic studies of related pile-up effects. The trigger
system of ATLAS and CMS consists of hardware-based systems, with subsequent software-based sys-
tems. Using so-called High Level Triggers, the events of interest are finally recorded. For each analysis,
a combination of different triggers is used, before the offline selection of events is done. The main re-
quirements of the latter are summarized for each analysis in Sections 3.3 and 3.4. In order to ensure the
quality of reconstruction, various requirements on transverse momenta pT and criteria for the isolation
to other objects have been developed at the LHC detectors, with more details presented in [78] and [79].
After reconstruction of final states, the most relevant physical objects for prompt RPV SUSY analyses
can shortly be classified as follows:
Electrons, muons, hadronically decaying τ-leptons, collectively referred to as charged leptons. De-
pending on the specific analysis, it is possible to discriminate hadronic jets according to their flavor
contents: In particular, b-tagged jets can often be distinguished from jets consisting of only light quark-
flavors. The missing transverse energy per event EmissT is computed using the transverse momenta of
identified objects.
SUSY R-parity-violating signal samples are generated using different event generators, for example,
HERWIG++ [80] or PYTHIA [81, 82]. The events are subsequently simulated within the framework of
fast or full simulation, where, for the details of the specific setup of event generation or simulation, the
corresponding analysis papers should be considered.
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Unless otherwise stated, signal cross-sections are calculated to next-to-leading order in the strong
coupling constant, adding the resummation of soft gluon emission at next-to-leading-logarithmic accu-
racy (NLO+NLL) [83–87]. The nominal cross-section and the uncertainty are taken from an envelope
of cross-section predictions using different PDF sets and factorisation and renormalisation scales, as
described in Ref. [88].
Each analysis is based on a number of signal regions (SRs), each designed to maximize the sensitivity
to different final state topologies in terms of the chosen discriminating variables. Additionally, a number
of control regions (CRs) are constructed to constrain the dominant backgrounds. These control regions
are designed to have a high purity and a small statistical uncertainty in terms of the background process
of interest and also to contain only a small fraction of the potential SUSY signal. Practically, control
regions are often introduced to estimate the rate of SM processes, using data-driven methods or also
normalization of Monte Carlo simulations.
3.2 Strategies for presentation of results
The large number of free mass parameters for sparticles in the MSSM is already severely constrained
by many experimental bounds, see, for example, the discussion in [36]. As a consequence, several
approaches to study SUSY particle spectra have been developed:
Within the phenomenological MSSM pMSSM [89], the high number of free SUSY parameters is
reduced with realistic requirements on the flavor and CP structure, without imposing any SUSY-breaking
scheme. In this framework also SUSY spectra consistent with various experimental constraints, as, for
example, the LHC results for the Higgs mass can be addressed [90, 91].
The approach of simplified models [92, 93] is commonly used in searches for SUSY at the LHC. In
this case the decay cascades are modeled simply by setting the masses of most SUSY particles to multi-
TeV values, effectively decoupling them for the reach at the LHC. This also implies selection of specific
production channels, while other mixed production modes, for example, scalar plus fermionic SUSY
particle are typically neglected. The decay cascades of the remaining particles to the LSP, typically with
zero or one intermediate step, are characterized only by the masses of the participating particles, allowing
studies of the search sensitivity to the SUSY masses and decay kinematics.
In an alternative approach, complete SUSY models as, for example, mSUGRA/CMSSM [94–99] or
minimal GMSB [100–105], are simulated. These models typically impose boundary conditions at a high
energy scale and determine the SUSY masses near the TeV scale by evaluating renormalization group
equations. Due to the minimal number of input parameters at the high energy scale, it is realistic to scan
the parameter space effectively.
One common strategy for obtaining results is to compute the level of agreement between the back-
ground prediction and data using the p-value for the number of observed events to be consistent with the
background-only hypothesis. To do so, the number of events in each signal region is described using a
Poisson probability density function. The statistical and systematic uncertainties on the expected back-
ground values are modeled with nuisance parameters constrained by a Gaussian function with a width
corresponding to the size of the uncertainty considered.
Since no significant excess of events over the SM expectations is observed in any signal region of
the R-parity-violating analyses, upper limits at 95% CL on the number of BSM events for each signal
region can be derived in a model-independent way. Here the CLs prescription [106] is used. Normalising
these events by the integrated luminosityL of the data sample, they can be interpreted as upper limits on
the visible BSM cross-section (σvis), where σvis is defined as the product of acceptance, reconstruction
efficiency and production cross-section. If a limit on non-SM events (Nnon-SM) has been obtained in a
BSM analysis, the visible signal cross-section can also be determined as σvis = Nnon-SM/L .
Model-dependent limits will be discussed in detail in sections 4 to 8. For many models, the limits
are calculated from asymptotic formulae [107] with a simultaneous fit to all signal regions based on the
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profile likelihood method. Alternatively, the limit can also be obtained from pseudo experiments; further
details can be found in each paper.
The systematic uncertainties on the signal expectations originating from detector effects and the
theoretical uncertainties on the signal acceptance are included. The impact of the theoretical uncertainties
on the signal cross-section is shown on the limit plots obtained. The±1σSUSYtheory lines around the observed
limits are obtained by changing the SUSY cross-section by one standard deviation (±1σ ). All mass limits
on supersymmetric particles quoted later are derived from the−1σSUSYtheory theory line. The band around the
expected limit shows the ±1σ uncertainty, including all statistical and systematic uncertainties except
the theoretical uncertainties on the SUSY cross-section. If several SRs contribute to exclusion limits in a
model investigated, the general strategy is to obtain limits by performing a statistical combination of the
most sensitive signal regions.
3.3 Details for RPV searches at ATLAS
In this section the main requirements for signal selections developed in ATLAS searches for R-parity-
violating SUSY are summarized, also introducing relevant kinematic variables. Some of these analyses
have been optimized also for RPC scenarios, however the focus of this review is on RPV-related signal
regions. Each of these analyses has investigated RPV-related constraints in at least two different RPV
models or several SRs have been developed particularly for RPV signatures.1
• Multi-lepton analysis (ATLAS) In this case at least four charged leptons in every signal event
are required, at least two of which must be electrons or muons, in the following referred to as
“light leptons”. The events are separated into signal regions based on the number of light leptons
observed [109], and the absence of a Z boson candidate among the pairs of light leptons facilitates
suppression of backgrounds in R-parity-violating searches. The SM background is further reduced
using the missing transverse momentum EmissT and the effective mass meff, defined in this case as
the scalar sum of the EmissT , the pT of all selected charged leptons and the pT of reconstructed
jets. In most signal regions, events with a pair of light leptons forming a Z boson candidate are
vetoed, and possible Z → `+`−γ and Z → `+`−`+`− candidates are also rejected. Three signal
regions are based on threshold requirements only for EmissT , thus being useful in particular for RPC
searches for low sparticle masses. Additionally, in the SRs used for RPV results, either high EmissT
or high meff is required – thus, a selected event may have one quantity below the threshold, but
never both. As the SRs used have disjoint selection criteria, they are statistically combined when
setting constraints on the specific SUSY models considered in [109].
• Same-sign/three-lepton analysis (ATLAS) The search [110] requires two light leptons with same
charge or three light leptons in conjunction with requirements on the number of jets. It designed
in particular for SUSY models where pair-produced Majorana particles (for example, gluinos) can
decay semileptonically with a large branching ratio. The effective mass, meff, is a key discriminat-
ing variable, defined by this analysis as the sum of EmissT and the pT values of the signal leptons
and all signal jets. If the event contains a third light lepton the event is regarded as three-lepton
event, otherwise it is a two-lepton event. Five non-overlapping signal regions have been defined
in total. The signal regions SR3b and SR1b use leptons, large meff and also the presence of b-jets
to suppress the SM background. There is no explicit EmissT requirement in SR3b, implying that
this SR does not depend on the assumption of a stable LSP escaping the detector unseen. SR1b
additionally uses the transverse mass, mT, to reject background events with W bosons, defined as
mT =
√
2plTE
miss
T (1− cos[∆φ(l,pmissT )]), (3)
1When finalizing this review, a recent ATLAS analysis [108] has also considered stop LQD-type decays to light charged
lepton plus b-quark, constraining stop masses up to 1 TeV.
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where plT is the larger of the pT values of the two charged leptons, and p
miss
T is the missing trans-
verse momentum vector.
• Tau plus jets analysis (ATLAS) Requiring at least one tau lepton in events with jets and large
EmissT the search [111] can also be sensitive to RPV models with relatively high multiplicities
of taus. The search channels are separated by the numbers of taus and light charged leptons
involved, leading to eτ , µτ and ττ channels, respectively. The following kinematical variables are
introduced to suppress background processes: The transverse mass formed by EmissT and the pT of
the tau lepton in the eτ and µτ channels,
mτT =
√
2pτTE
miss
T (1− cos(∆φ(τ,pmissT ))). (4)
Similarly the transverse mass mlT formed by E
miss
T and the pT of the light lepton (e or µ) is used.
Two variants of HT-related variables have been defined as the scalar sum of the transverse momenta
of the tau, light lepton and signal jets: HT includes all signal jet (pT >30 GeV) candidates, whereas
H2 jT only considers two jets with the largest transverse momenta in the event. In this analysis the
effective mass uses H2 jT , that is, meff = H
2 j
T + E
miss
T . Moreover a requirement on the minimal
azimuthal angle ∆φ(jet1,2, pmissT ) between p
miss
T and either of the two leading jets is used to remove
multi-jet events. As a result, also upper limits on the visible cross-section have been obtained for
the bRPV-related SRs of type eτ , µτ and ττ , respectively.
• Multi-jet analysis (ATLAS) Two complementary search strategies have been developed in this
analysis [112]: The jet-counting analysis is searching for an excess in events with ≥6-jet or ≥7-
jets, using the predictable scaling of the number of n-jet events (n = 6,7) as a function of the
transverse momentum (pT) requirement placed on the nth leading jet in pT for background pro-
cesses. It is interesting to note that this scaling relation differs significantly between the signal and
the background. That analysis technique provides the opportunity to enhance sensitivity to specific
heavy-flavor compositions in the final state and to explore various assumptions on the branching
ratios of the benchmark signal processes studied. The number of jets, the pT requirement used
in the selection of jets, and the number of b-tagged jets are optimized separately for each signal
model.
The second approach in [112] consists of a data-driven template-based analysis using a topologi-
cal observable called the total-jet-mass of large-radius (R) jets. This analysis method is based on
templates of the event-level observable formed by the scalar sum of the four leading large R jet
masses in the event, which is significantly larger for the signal than for the SM backgrounds. The
total-jet-mass analysis uses a topological observable MΣJ as the primary distinguishing character-
istic between signal and background. The observable MΣJ [113–115] is defined as the scalar sum
of the masses of the four leading large-radius jets reconstructed with a radius parameter R = 1.0,
pT > 100 GeV and |η |< ηcut ,
MΣJ =
4
∑
pT>100GeV
|η |≤ηcut
m jet . (5)
As explained, for example, in [112], four-jet (or more) events are used, because four large-R jets
cover a significant portion of the central region of the calorimeter, and are very likely to capture
most signal quarks within their area. As a second discriminating variable for the design of SRs
and CRs the pseudorapidity difference |∆η | between the two leading large-R jets is used. This is
motivated by different angular distributions among jets expected from signal events as compared
8
Short name Signature Variables Ref.
4LA 4(e,µ,τ)+EmissT meff,E
miss
T , Zveto [109]
SS/3LA `±`± or 3` N jets, Nb− jets, EmissT , meff [110]
τA τ+EmissT ≥ 4 j mτT, mlT, HT, H2 jT , EmissT , meff, pmissT [111]
multi-jA ≥ 6 j jet pT, MΣJ , Nb− jets, |∆η | [112]
lil j resonA eµ , eτ , µτ resonance |∆φi j|, mi j (i , j) [116]
Table 1: Overview of ATLAS analyses designed to probe prompt RPV models. The signature descrip-
tions are indicative only, further details can be found in the analysis documentation in each case.
to background processes. For the definition of SRs also the pT thresholds of the third and fourth jet
have been included. Using the results from simulation studies, it has been demonstrated that MΣJ
typically has higher sensitivity than the kinematic variable HT. The latter is essentially a measure
of the transverse energy (or transverse momenta) in the event, whereas the MΣJ mass intrinsically
also contains angular information to be used in high-multiplicity jet events. This analysis technique
focuses primarily on the ten-quark models as further discussed in section 8.1. The total-jet-mass
analysis is designed to be independent of the flavor composition of the signal process and as a
data-driven method it essentially removes any reliance on MC simulations of these hadronic final
states. No explicit veto is applied to events with leptons or EmissT .
Also model-independent upper limits on non-SM contributions have been derived separately for
each analysis in [112].
• LFV resonance analysis (ATLAS) The reconstruction of a narrow-width resonance from its decay
products essentially relies on the invariant mass determined from the corresponding momenta. In
this case the decay products are given by charged leptons of different flavor [116]. Therefore the
selection for signal events requires exactly two leptons (l+i l
−
j with i , j), of opposite charge and of
different flavor. Good discrimination against background is obtained requiring that the two leptons
are back-to-back in the azimuthal plane with |∆φ``′ |> 2.7, where ∆φ``′ is the φ difference between
the two leptons. In events containing a hadronically decaying τ , it is additionally required that the
transverse energy ET of the τ candidate is less than the corresponding ET of the light signal lepton
due to the energy carried by the τ-neutrino.
In order to reconstruct the four-momenta of hadronically decaying τ-leptons, also the momenta of
the emerging τ-neutrino have to be taken into account. A collinear neutrino approximation is used
to determine the dilepton invariant mass (mi j) in the eτhad and µτhad channels. This approximation
is well justified since the hadronic decay of a high-energetic τ lepton from a heavy resonance, the
neutrino and the resultant jet are nearly collinear. The four-vector of the neutrino is reconstructed
from the ~p missT and η of the τhad jet. Four-vectors of the electron or muon, τhad candidate and
neutrino are then used to calculate the dilepton invariant mass mi j. The minimal requirement on
mi j for signal events is mi j > 200 GeV. Finally, the expected and observed upper limits are obtained
as a function of ν˜τ mass.
For further reference, the ATLAS analyses considered are summarized in Table 1 indicating the
signatures and main variables for signal selections. An overview relating ATLAS analysis and corre-
sponding RPV model investigated, is presented in Table 2.
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RPV type RPV couplings Production LSP Analysis
LLE λ12k, λk33 (k = 1,2) χ˜
±
1 , slepton, sneutrino, gluino χ˜
0
1 4LA
UDD λ ′′323 Gluino t˜1 SS/3LA
bRPV εi (i = 1,2,3) Strong/electroweak (mSUGRA) χ˜
0
1 SS/3LA, τA
UDD λ ′′i jk Gluino χ˜
0
1 multi-jA
LQD +LLE λ ′311 and λi3 j (i , j) τ-sneutrino ν˜τ lil j resonA
Table 2: Schematic overview of RPV model parameters investigated by ATLAS analyses. The signature
descriptions are also indicated in Tab. 1 with corresponding references.
3.4 Details for RPV searches at CMS
An overview of CMS analysis strategies used in the search for prompt RPV is given below.
• Multi-lepton plus b-jets analysis (CMS) In this analysis, events with three or more charged lep-
tons are selected, requiring two light leptons, which may be electrons or muons [117]. Accepting
only opposite-sign, same-flavor pairs of electrons or muons with an invariant mass m`` > 12 GeV
reduces backgrounds from Drell-Yan processes and low mass resonances. Signal regions are de-
fined with different requirements on the total number of light leptons and the number of hadron-
ically decaying τ candidates in the event. Since no Z bosons are expected in the signal models
under investigation, events in which any selected dilepton pair has an invariant mass consistent
with that of the Z boson are rejected thus providing good suppression of Zrelated backgrounds.
Moreover, at least one b-tagged jet is required in the signal regions. Additional discrimination
against background events is obtained with cuts on the ST distribution. As was discussed in [117],
that distribution has high sensitivity to the mass of the parent particle, produced in pair production.
Several kinematic regions relevant for results are introduced in [117], relating to different assump-
tions on stop masses in comparison to neutralino LSP masses. Relatively light stops (with respect
to masses of χ˜01 ) would correspond to region A, while the case of heaviest stop masses (in compar-
ison to m(χ˜01 )) is included in region E. It is interesting to note that, for example, in region B stop
four-body decays t˜1→ tµtb¯ or tνbb¯ are possible.
• SS-leptons analysis (CMS) The analysis [118] targets at topologies with same-sign leptons and
additional jets from strong production processes. Events with at least two isolated same-sign
leptons (ee, eµ or µµ) and at least two jets are selected. The lepton pairs are required to have an
invariant mass above 8 GeV and also events with a third lepton are rejected if the lepton forms an
opposite-sign same-flavor pair with one of the first two leptons for which the invariant mass of the
pair (m``) satisfies m`` < 12 GeV or 76<m`` < 106 GeV. Signal regions are defined with different
requirements on EmissT , HT, the number of jets, and the number of b-tagged jets.
For each model considered, limits are obtained by performing a statistical combination of the most
sensitive signal regions. The search region dedicated to RPV results is based on the selection of
n jets ≥ 2, nb− jets ≥ 2, and HT > 500 GeV without explicit requirement on EmissT [118].
• τ + b-jets analysis (CMS) Different assumptions for the decays of stops have motivated the search
for signatures of τ-leptons and b-jets [119]. Selected events are required to contain a light lepton
and a hadronically decaying τh of opposite electric charge thus leading to the signal channels eτh
and µτh. Events are vetoed if another light lepton is found, passing the kinematic, identification,
and isolation criteria, which has an opposite electric charge from the selected light lepton. The
b-tagged jet with the highest pT is selected, and then the remaining four jets with the highest pT
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are selected whether or not they are b-tagged. The ST distribution is finally used to extract the
limits, where ST is defined as the scalar sum of the pT of the light lepton, the τh, and the five jets.
• ≥ 4 j from jet pairs analysis (CMS) This analysis [120] has been designed to search for pairs
of jets where each jet decays to two jets, respectively. The strategy followed in this analysis first
requires that signal events contain at least four jets. The leading four jets, ordered in pT, are used
to create three unique combinations of di-jet pairs per event. A distance variable is implemented to
select the jet pairing that best corresponds to the two resonance decays, ∆R =
√
(∆η)2+(∆φ)2,
where ∆η and ∆φ are the differences in η and φ between the two jets, respectively. This variable
exploits the smaller relative distance between daughter jets from the same parent decays com-
pared to that between uncorrelated jets. For each di-jet pair configuration the value of ∆Rdi-jet is
calculated:
∆Rdi-jet = ∑
i=1,2
|∆Ri−1|, (6)
where ∆Ri represents the separation between two jets in di-jet pair i and an offset of 1 is used
to maximize the signal efficiency. The configuration that minimizes the value ∆Rdi-jet is selected,
with ∆Rmin representing the minimum ∆Rdi-jet for the event.
Once a di-jet pair configuration is chosen, two additional quantities are used to suppress the back-
grounds from SM multi-jet events and incorrect signal pairings: The pseudorapidity difference
between the two di-jet systems ∆ηdi-jet, and the absolute value of the fractional mass difference
∆m/mav, where ∆m is the difference between the two di-jet masses and mav is their average value.
As discussed in [120] the ∆m/mav quantity is small with a peak at zero in signal events where the
correct pairing is chosen, while for SM multi-jet background or incorrectly paired signal events,
this distribution is much broader. An additional kinematic variable ∆ is calculated for each di-jet
pair:
∆=
(
1,2
∑
i
|piT|
)
−mav, (7)
where the pT sum is over the two jets in the di-jet configuration. This type of variable has been used
extensively in hadronic resonance searches at the Tevatron and the LHC, see, for example, [121]
and references therein. Requiring a minimum value of ∆ results in a lowering of the peak position
value of the mav distribution from background SM g events. With this selection the fit to the
background can be extended to lower values of mav, making a wider range of supersymmetric
particle masses accessible to the search [120].
• Multi-jet analysis (CMS) This search targets jets final states with high multiplicities from pair-
produced three-jet resonances [122]. Signal events have to contain at least six jets with additional
requirements on pT thresholds. The jet-ensemble technique [59] is used to combine the six highest-
pT jets in each event into all possible unique triplets. To maximize sensitivity to the presence
of a three-jet resonance, an additional requirement is placed on each jet triplet to suppress SM
backgrounds and remove incorrectly combined signal triplets. This selection criterion is based
on the constant invariant mass of correctly reconstructed signal triplets and also on the observed
linear correlation between the invariant mass and scalar sum of jet pT for background triplets and
incorrectly combined signal triplets:
M j j j <
(
3
∑
i=1
piT
)
−∆ , (8)
where M j j j is the triplet invariant mass, pT sum is over the three jets in the triplet (triplet scalar
pT), and ∆ is an empirically determined parameter. The peak position of the M j j j distribution in
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Short name Signature Variables Ref.
3L/bC ≥ 3`+ b-jets ST , m`` [117]
SSC `±`± N jets,Nb− jets,HT [118]
τbC τ + b- jets Ne = 1 or Nµ = 1, ST [119]
pair-jC ≥ 4 j from jet pairs ∆m, ∆ηdi-jet, ∆, 4th jet pT [120]
multi-jC ≥ 6 j ∆, 4th jet pT, 6th jet pT, ST [122]
Table 3: Overview of CMS analyses constraining prompt RPV models. The signature descriptions are
indicative only, the reader is referred to the analysis documentation for further details in each case.
RPV type RPV couplings Production LSP Analysis
LLE/ LQD λ122, λ233, λ
′
233 Stop χ˜
0
1 3L/bC
UDD λ ′′323 Gluino t˜1 SSC
LQD λ ′3 jk ( j,k = 1,2), λ
′
333 Stop χ˜
0
1 , t˜1 τbC
UDD λ ′′312, λ
′′
323 Stop t˜1 pair-jC
UDD λ ′′112, λ
′′
113, λ
′′
223 Gluino χ˜
0
1 multi-jC
Table 4: Overview of RPV model parameters investigated by CMS analyses. The signature descriptions
are also indicated in Tab. 3 with corresponding references.
data depends on the value of ∆, where ∆ = 110 GeV is found to be the optimal choice, yielding
the lowest value of the peak of M j j j.
The use of b-jet identification facilitates a heavy-flavor search in addition to the inclusive search
for three-jet resonances. High-mass signal events lead to a more spherical shape than background
events, which typically contain back-to-back jets. In order to significantly reduce the background
in the high-mass searches, a sphericity variable, S = 32(λ2+λ3) is used, where the λi are eigenval-
ues of the following tensor [81]:
Sαβ =
∑
i
pαi p
β
i
∑
i
|pi|2 (9)
Here α and β label separate jets, and the sphericity S is calculated using all jets in each event. In
summary, the SRs in this analysis are defined using M j j j, ∆ and also cuts on the fourth jet pT, sixth
jet pT and ST. To optimize sensitivity for the heavy flavor search, a region of low or high mass
M j j j for the underlying resonance mass has been developed, respectively.
This overview of CMS RPV analyses is completed with Tables 3 and 4. Using these tables, the
signatures and main variables for signal selections per analysis are indicated and also the information
which analyses are used to constrain which RPV SUSY models is presented. As can be noted from
Table 4, most of these analyses from CMS have also investigated at least two different RPV-based models.
4 Bilinear R-parity violation
In the bRPV model, the terms with coefficients εi (i = 1,2,3) lead to lepton-number violating interac-
tions between lepton and Higgs superfields. An overview of bRPV phenomenology can be found, for
example, in Refs. [123] and [124]. Note that also for the soft SUSY breaking terms additional bRPV
terms −BiεiL˜iH2 and m2`iH L˜iH†1 [125] arise, leading to extra parameters. In general, there is no basis
where both sets of bilinear RPV terms εiLiH2 and BiεiL˜iH2 can be eliminated at the same time. Taking
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into account the mixing of sneutrinos and scalar neutral Higgs fields, the electroweak symmetry is bro-
ken when these scalar fields acquire vacuum expectation values. Another characteristic consequence of
bRPV is the generation of neutrino masses via neutralino-neutrino mixing; see, for example, [126].
Requiring both that electroweak symmetry breaking is consistent with Higgs results and at the same
time that predictions agree with data from neutrino oscillations effectively constrains the parameter space
of bRPV. A corresponding fitting routine is implemented in the SPheno code [127] fulfilling these ex-
perimental constraints in determining bRPV couplings, spectra and decays. Note also that in general all
the resulting bRPV parameters are nonvanishing and are not related in a trivial way. As discussed, for
example, in [128], one expects strong correlations between neutralino decay properties measurable at
high-energy collider experiments and neutrino mixing angles determined in low-energy neutrino oscilla-
tion experiments, such as
tan2 θatm ' BR(
χ˜01 → µW )
BR(χ˜01 → τW )
. (10)
Due to the small size of the bRPV couplings, the production processes and the SUSY cascade decays
are usually the same as in corresponding RPC scenarios. The fundamental difference in high-energy
collision processes arises from decays of the LSP. Focusing on prompt LSP decays can lead to two-body
decays of a neutralino LSP into gauge boson plus lepton, as described below.
4.1 bRPV mSUGRA model
The analyses of [129] and subsequently [128, 130] have investigated the corresponding phenomenology
and expected sensitivities at the LHC. Assuming a neutralino LSP being sufficiently heavy, its most
relevant two-body decay modes have been discussed:
• χ˜01 →Wτ
• χ˜01 →We
• χ˜01 →Wµ
• χ˜01 → Zν
• χ˜01 → h0ν
Notably, for a large part of the parameter space, the decays to Wτ and Wµ , see also (10) tend to be
dominant, requiring consistency with neutrino oscillations. The exact magnitude of the individual LSP
branching ratios also depend on its couplings, that is, if it corresponds mainly to a bino-, wino- or
higgsino-like state. Ideally, the searches for bRPV SUSY signatures could utilize the subsequent decay
products of gauge or Higgs bosons, see, for example, [128]. Reconstructing such bosons accompanying
the leptonic partner from LSP decays would allow to reconstruct LSP masses and also indicate its two-
body decays to possibly reveal RPV of bilinear type. Depending on the number of charged leptons in the
LSP decays, the phenomenology of final states can be classified as leptonic, semi-leptonic or invisible
decays [129]. The latter decay mode χ˜01 → ννν would mimic RPC SUSY signal with large EmissT .
Moreover it has been emphasized in [128] that reducing the LSP mass can lead to significantly late LSP
decays. In the context of mSUGRA the LSP mass is mainly driven by the input parameter m1/2, leading
to an approximate displacement of decays of 1 mm (in the rest frame of the LSP) for m1/2 ≈ 300 GeV.
Similar to RPC mSUGRA models, the most relevant production processes are given by:
• g˜-g˜ production is most relevant in the region of low m1/2;
• squark-g˜ processes are most significant for low m1/2 and m0;
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• contributions from squark-(anti)-squark are most relevant for low m0 and relatively high m1/2;
• electroweak gaugino-gaugino-based production tends to be dominant for highest input mass scales
of m0 and m1/2.
In the minimal supergravity model [94–99], the SUSY breaking sector at the high scale of unification
connects to the MSSM at the electroweak scale dominantly through gravitational-strength interactions.
In a minimal form, one common mass scale m1/2 appears for the three gauginos, one mass scale m0 for
all scalars, and one coupling A0 for all scalar three-field interactions, so that all gauginos are degenerated
and also all squarks, sleptons, and Higgs-related mass values become degenerate at the unification mass
scale. In addition to these three input parameters, also the ratio of the vevs of the two neutral Higgses,
tanβ and the sign of the Higgs mass term, sign(µ), are necessary to define the mSUGRA model. After
fixing this set of 5 parameters as boundary conditions for mSUGRA, the renormalization group evolution
for SUSY-breaking masses and trilinear parameters will finally determine the SUSY mass spectrum at
LHC energies.
Taking into account the Higgs boson mass observed at 125 GeV, bRPV mSUGRA signal models have
been analyzed. Similar to Higgs-aware signal models of RPC mSUGRA investigated, for example,
in [131], the input parameters are chosen as tanβ = 30, A0 = −2m0, sign(µ)=1 with varying values of
the mass scales m0 and m1/2. Referring to the same input parameters with respect to RPC mSUGRA
also implies the same masses and essentially the same cross-sections in comparison to each RPC-based
production process. Due to the smallness of bRPV couplings, other production processes are highly
suppressed, so that RPC- and bRPV-based production processes are almost in one-to-one correspondence
in mSUGRA.
4.2 Results for bRPV searches
In the ATLAS SS/3LA analysis [110] the parameter space of bRPV mSUGRA has been strongly con-
strained. Based on the limits from Figure 2, values of m1/2 are excluded between 200 GeV and 490 GeV
at 95% CL for m0 values below 2.2 TeV. This limit corresponds to a lower bound of approximately
1.3 TeV for gluino masses in bRPV mSUGRA. Signal models with m1/2 < 200 GeV are not considered
in this analysis because the lepton acceptance is significantly reduced due to the increased LSP lifetime
in that region. The sensitivity is dominated by the signal region SR3b selecting same-sign or three lep-
tons, and requiring additionally ≥ 3 b-jets, ≥ 5 Njets and meff > 350 GeV, respectively. High sensitivity
in particular in signal region SR3b is also a result of the high number of leptons and also of b-jets from
LSP decays in conjunction with low requirements for missing transverse energy. It is interesting to note
that in SR3b, a 95% CL upper limit on the (observed) visible cross-section at 0.19 fb has been obtained,
establishing a model-independent limit.
The ATLAS τA analysis [111] has demonstrated that searching for hadronically decaying τ-leptons
in addition to jets, EmissT and light leptons has a high sensitivity for bRPV at low m0. In this part of the
parameter space, the number of taus from RPC decays of relatively light staus is high. Adding also
τ-leptons from bRPV LSP decays, the number of taus is even more pronounced in this case. Notably,
several SRs, based on τ + µ , τ + e and 2τ , have been optimized particularly for bRPV. Performing a
statistical combination of these SRs, the 95% CL limits on mSUGRA mass parameters in Fig. 2 have
been obtained. As a result from [111], values of m1/2 up to 680 GeV are excluded for low m0, while
the exclusion along the m0 axis reaches a maximum of 920 GeV for m1/2 = 360 GeV. For the results in
SRs relevant for bRPV searches also limits on visible cross-sections have been derived, corresponding
to upper limits on the observed σvis of 0.52 fb, 0.26 fb and 0.20 fb in the τ+ µ , τ+ e and 2τ channels,
respectively. Although the expected σvis are the same for τ + µ and τ + e, the higher number of events
observed in the SR(τ + µ) effectively leads to a weaker limit of 0.52 fb with respect to 0.26 fb in
SR(τ+ e).
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Moreover, the ATLAS search for leptons in SUSY strong production [132], optimized for RPC mod-
els, has also obtained exclusion limits for this bRPV mSUGRA model. Comparing the expected limits to
the SS/3L analysis, they are comparable for both analyses in the range of low m0, whereas, for the highest
values of m0, the SS/3L analysis reaches slightly stronger expected limits. In terms of observed limits,
both analyses are actually comparable in the high m0 regime, while [132] obtains a stronger limit in the
case of low values of m0. In particular for m0 = 400 GeV an observed exclusion of m1/2 ≈750 GeV cor-
responding to mg˜ ≈1.7 TeV has been obtained. It is interesting to note that, within the SRs investigated
in [132], the hard single-lepton channel has the highest sensitivity to the bRPV mSUGRA model.
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Figure 2: Observed and expected exclusion limits for the bRPV mSUGRA model obtained in the SS/3L
ATLAS analysis (left, from [110]) and in the τA analysis (right, from [111]).
5 LLE models
5.1 LLE simplified models
In the RPV simplified models studied in [109], a bino-like χ˜01 is assumed to decay into two charged lep-
tons and a neutrino via the λi jk term. Four event topologies are tested, resulting from different choices for
the next-to-lightest SUSY particles (NLSPs): a chargino (χ˜±1 ) NLSP; slepton NLSPs, referring to mass-
degenerate charged sleptons; sneutrino NLSPs, referring to mass-degenerate sneutrinos; and a gluino
NLSP. In the slepton case, both the left-handed and right-handed sleptons (L-sleptons and R-sleptons,
respectively) have been considered, as the different production cross-sections for the two cases substan-
tially affect the analysis sensitivity. The assumed decays of each NLSP choice are described in Tab. 5
and illustrated in Fig. 3. The masses of the NLSP and LSP are varied, while other sparticles are assumed
to be decoupled.
In the paper [117], LLE couplings have been investigated in the context of stop-pair production: The
corresponding simplified model assumes stop decays to a top quark and intermediate on- or off-shell bino,
t˜1→ χ˜01 +t. The bino decays to two leptons and a neutrino through the leptonic RPV interactions, χ˜0(∗)1 →
`i+ν j + `k and νi+ ` j + `k, where the indices i, j,k refer to those appearing in Eq. (1a). The stop is
assumed to be right-handed and RPV couplings are large enough that all decays are prompt. Results for
the corresponding simplified mass spectra and leptonic RPV couplings λ122 or λ233 are investigated in
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RPV model NLSP Decay
Chargino χ˜±1 →W±(∗) χ˜01
L-slepton ˜`L→ ` χ˜01
τ˜L→ τ χ˜01
R-slepton ˜`R→ ` χ˜01
τ˜R→ τ χ˜01
Sneutrino ν˜l → ν` χ˜01
ν˜τ → ντ χ˜01
Gluino g˜→ qq¯ χ˜01
q ∈ u,d,s,c
Table 5: Sparticle decays in the SUSY RPV simplified models considered in [109]. The neutralino LSP
is assumed to decay to two charged leptons and a neutrino. For the chargino model, the W± from the χ˜±1
decay may be virtual as indicated by the superscript (∗).
(a) Chargino NLSP (b) Slepton NLSP (c) Sneutrino NLSP (d) Gluino NLSP
Figure 3: Representative diagrams for the RPV simplified models based on electroweak or gluino pro-
duction (from [109]).
Section 5.3.
5.2 LLE RPV results with electroweak or g˜ production
The LLE simplified models produce events with four leptons in the final state, and thus it is natural to
constrain them with the ATLAS search for SUSY in events with four or more charged leptons [109]. Up
to two of the leptons may be hadronically decaying taus, and the search was specifically optimised to
give good sensitivity across the full range of LLE-mediated χ˜01 decays.
In all cases, the observed limit is determined mainly by the production cross-section of the signal
process, with stronger constraints on models where λ121 or λ122 dominate, and less stringent limits for
tau-rich decays via λ133 or λ233. Limits on models with different combinations of λi jk parameters can
generically be expected to lie between these extremes. The limits are in many cases nearly insensitive
to the χ˜01 mass, except where the χ˜
0
1 is significantly less massive than the NLSP as inferred from Fig. 4.
Where the NLSP→LSP cascade may also produce leptons, the observed limit may also become weaker
as mχ˜01 approaches the NLSP mass, and the cascade product momenta decrease considerably.
When the mass of the χ˜01 LSP is at least as large as 20% of the NLSP mass, and assuming tau-
rich LSP decays, lower limits can be placed on sparticle masses, excluding gluinos with masses less
than 950 GeV; wino-like charginos with masses less than 450 GeV; and L(R)-sleptons with masses less
than 300 (240) GeV. If instead the LSP decays only to electrons and muons, the equivalent limits are
approximately 1350 GeV for gluinos, 750 GeV for charginos, 490 (410) GeV for L(R)-sleptons, and a
lower limit of 400 GeV can also be placed on sneutrino masses. These results significantly improve upon
previous searches at the LHC, where gluino masses of up to 1 TeV [133] and chargino masses of up to
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540 GeV [134] were excluded.
The model-independent limits on σvis for RPV-related SRs all lie below 0.5 fb: In signal regions
requiring at least three light leptons, the observed 95% CL upper limits on the visible cross-sections are
below 0.2 fb. 2
(a) Chargino NLSP (b) Gluino NLSP
(c) L-slepton NLSP (d) Sneutrino NLSP
Figure 4: Observed and expected 95% CL exclusion limit contours for the LLE RPV (a) chargino NLSP,
(b) gluino NLSP, (c) left-handed slepton NLSP and (d) sneutrino NLSP simplified models (from [109]).
5.3 LLE RPV results for t˜1 production
The limits obtained in [117] are mostly independent of the bino mass, leading to an exclusion of models
with the stop mass below 1020 GeV when λ122 is non-zero, and below 820 GeV when λ233 is non-zero.
These limits are shown in Fig. 5. There is a change in kinematics at the line mχ˜01 = mt˜1 −mt , below
which the stop decay is two-body, while above it is a four-body decay. Near this line, the χ˜01 and top are
produced almost at rest, which results in low-momentum leptons, corresponding to reduced acceptance.
This loss of acceptance is more visible in the λ233 , 0 case and causes the loss of sensitivity near the
line at mχ˜01 = 800 GeV. The analysis [117] has also explained that this effect is more pronounced in the
observed limit because the data has a larger statistical uncertainty in the relevant signal regions than the
simulated signal samples.
2It is interesting to note that the ATLAS search for multi-leptons based on 7 TeV data [134] has obtained limits of approx-
imately 1 fb on σvis considering also four-body decays of a stau LSP as motivated, for example, by [135].
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Figure 5: The 95% confidence level limits in the stop and bino mass plane for models with RPV couplings
λ122 and λ233. The region to the left of the curve is excluded (from [117]).
6 LQD models
6.1 Simplified LQD models for t˜1 production
In addition to the simplified model for stop pair production introduced in the previous Section 5.1, RPV
decays via λ ′233 are also considered in the simplified model of [117]. The same assumptions on stop
decays to a top quark and intermediate on- or off-shell bino, t˜1→ χ˜01 + t are made, only the LQD-related
decay of χ˜01 to one lepton and two quarks leads to different final states in comparison to LSP decays via
LLE as already discussed in the previous section. A possible signal process is illustrated in the Feynman
diagram, Figure 6. Due to the high number of W -bosons indicated in the final states of that process, also
a relatively large number of charged (light) leptons can be expected, in conjunction with many b-jets.
Figure 6: Signal process for stop-pair production with LSP decays mediated via λ ′233 (from [117]).
In another simplified model investigated in [119], two different decay channels of directly produced
top squarks are considered. In the first case the two-body lepton number violating decay t˜1→ τb via the
coupling constant λ ′333 is investigated; see also [22] for related phenomenological studies.
In the second part of the search the focus is on a scenario in which the dominant RPC decay of
the top squark is t˜1 → χ˜±1 b. This requires the mass splitting between the top squark and the chargino
to be less than the mass of the top quark, so it is chosen to be 100 GeV. The chargino is assumed to
be a pure higgsino and to be nearly degenerate in mass with the neutralino. In particular, the decay
χ˜±1 → ν˜τ±→ qqτ± via an intermediate τ-sneutrino is considered. This RPV decay of the sneutrino is
possible via the LQD-type coupling λ ′3 jk, where the cases j,k = 1,2 are taken into account.
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6.2 Results for t˜1 production
The analysis [117] has probed regions in the mass plane of neutralino vs. stop masses assuming pair
production of t˜1 and non-vanishing λ
′
233. As discussed before, in that analysis several different kinematic
regions in the mass plane are relevant also in the final results of Fig. 7. The most significant effect is
when the decay χ˜01 → µ + t + b is suppressed, reducing the number of leptons in the final state. The
different regions where this effect is pronounced primarily lead to the shape of the exclusion for λ ′233. As
a result, stop masses up to approximately 800 GeV can be excluded in this model.
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Figure 7: The 95% CL limits in the stop and bino mass plane for stop-pair production and RPV coupling
λ ′233 (from [117]). The different kinematic regions, A, B, C, D and E are defined in [117].
In the search for b-jets and τ-leptons from CMS [119], constraints for the masses of pair-produced
stops have been derived. An upper bound at 95% confidence level is set on σB2, where σ is the cross-
section for pair production of top squarks and B is the branching fraction for the top squark decay to a
χ˜±1 and a bottom quark, with a subsequent decay of the chargino via χ˜
±
1 → ν˜τ±→ qqτ±. Expected and
observed upper limits on σB2 as a function of the stop mass are shown in Fig. 8 for the top squark search
from [119]. As a result, top squarks undergoing a chargino-mediated decay involving the coupling λ ′3 jk
with masses in the range 200–580 GeV are excluded, in agreement with the expected exclusion limit in
the range 200–590 GeV. In the derivation of these upper limitsB = 100% is assumed.
Since the other simplified model investigated in [119] leads to direct decays of stops after t˜1 pair-
production, the underlying stop mass essentially determines the results. The limits corresponding to top
squarks decaying directly through the coupling λ ′333 exclude masses of t˜1 below 740 GeV, in agreement
with the expected limit at 750 GeV.
7 Resonance production and decay
If LQD couplings are present at hadron colliders, resonant production of sleptons is possible. The decay
products from such a slepton resonance can also depend on additional RPV couplings. If also LLE
couplings occur, then leptonic final states can be investigated, whereas jets are expected if only LQD
terms are assumed. In order to allow for considerable production rates and also for significant decay
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mediated decay through the coupling λ ′3k j (from [119]).
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q
q
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Figure 9: Feynman diagram illustrating resonant production and decay of ν˜τ . li and l j can be e, µ or τ ,
where i , j. The blue dots indicate RPV couplings λ ′311 and λi3 j (i , j), respectively (from [116]).
rates into charged leptons, τ-sneutrinos emerge as candidates for resonance searches. 3 In the case of
ν˜τ , the corresponding bounds for its coupling of type LQD and also LLE are relatively weak. Therefore
the analysis [116] searching for resonances using leptonic final states has focused on τ-sneutrinos, as
described in more detail below.
7.1 Resonance via tau sneutrino
As illustrated in Fig. 9, a τ sneutrino (ν˜τ ) may be produced in pp collisions by dd¯ annihilation and
subsequently decay to eµ , eτ , or µτ . Although only ν˜τ is considered in [116] to facilitate comparisons
with previous searches performed at the Tevatron, the results of this analysis in principle apply to any
sneutrino flavor.
3It is interesting to note that also a search for RPV resonances from second generation sleptons has been performed by
CMS at 7 TeV [136]. Assuming the coupling λ ′211, the search investigated two same-sign muons and at least two jets in the
final state.
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7.2 Resonance searches
Expected and observed upper limits are set as a function of ν˜τ mass. The likelihood of observing the
number of events in data as a function of the expected number of signal and background events is con-
structed from a Poisson distribution for each bin in the ν˜τ mass. Signal cross-sections are calculated to
next-to-leading order for ν˜τ .
Figure 10 shows the observed and expected cross-section times branching ratio limits as a function of
the ν˜τ mass. For a ν˜τ mass of 1 TeV, the observed limits on the production cross-section times branching
ratio are 0.5 fb, 2.7 fb, and 9.1 fb for the eµ , eτ and µτ channels, respectively. Theoretical predictions
of cross-section times branching ratio are also shown, assuming λ ′311 = 0.11 and λi3k = 0.07 (i , k) for
the ν˜τ , consistent with benchmark couplings used in previous searches. For these benchmark couplings,
the lower limits on the ν˜τ mass are 2.0 TeV, 1.7 TeV, and 1.7 TeV for the eµ , eτ and µτ channels,
respectively.
These results considerably extend previous constraints from the Tevatron and LHC experiments. Based
on similar assumptions for RPV couplings, that is, λ ′311 = 0.10 and λi3k = 0.05 (i , k), the CDF exper-
iment [62] has obtained lower limits for τ-sneutrino masses at 558 GeV, 442 GeV and 441 GeV for the
eµ , eτ and µτ channels, respectively.
8 UDD models
In this section results from searches for signatures from UDD couplings are presented. Both ATLAS and
CMS have investigated several different topologies as motivated by a number of simplified models.
8.1 g˜ production with multi-jets at ATLAS
Pair-produced massive new particles decay directly to a total of six quarks, as well as cascade decays
with at least ten quarks, are considered in the design of the analysis [112]. Three-body decays of the
type shown in Fig. 11 are given by effective RPV vertices allowed by the baryon-number-violating λ ′′i jk
couplings with off-shell squark propagators. For both models, all squark masses are set to 5 TeV and thus
gluinos decay directly to three quarks or to two quarks and a neutralino through standard RPC couplings.
In the ten-quark cascade decay model, the neutralinos each decay to three quarks via an off-shell squark
and the RPV UDD decay vertex with coupling λ ′′i jk. In this model, the neutralino is the LSP.
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All possible λ ′′ flavor combinations are allowed to proceed with equal probability. The analysis
maintains approximately equal sensitivity to all flavor modes. All samples are produced assuming that
the gluino and neutralino widths are narrow and that their decays are prompt.
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Figure 11: Diagrams for multi-jet processes considered for the analysis [112]. The gray shaded cir-
cles represent effective vertices that include off-shell propagators, and the blue shaded circles represent
effective RPV vertices allowed by UDD λ ′′i jk couplings with off-shell propagators (from [112]).
It is interesting to compare limits based on different assumptions for the branching ratios into heavy
flavor jets. Fig. 12 illustrates the variation for the observed mass limit when the decays into b-jets are
absent or assumed at 100 percent, respectively.
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Figure 12: Observed mass exclusions at the 95% CL for BR(b)=0% (left) and BR(b)=100% (right).
(from [112]).
More generally, excluded masses as a function of the branching ratios of the decays are presented in
Fig. 13 where each bin shows the maximum gluino mass that is excluded for the given decay mode. It
is illustrative to recognize the observed mass limit from Fig. 12 (a) can also be found in the lower left
corner of Fig. 13.
The interpretations of the results of the jet-counting and total-jet-mass analyses are displayed together
in Fig. 14 for the ten-quark model. This figure allows for the direct comparison of the results of the
various analyses. Without b-tagging requirements, the jet-counting analysis sets slightly lower expected
limits than the total-jet-mass analysis. With b-tagging requirements, the limits are stronger for the jet-
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counting analysis. The observed limits from the total-jet-mass analysis and jet-counting analysis with
b-tagging requirements are also comparable.
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Exclusion limits at the 95% CL are set extending up to mg˜ = 917 GeV in the case of pair-produced
gluino decays to six light quarks and up to mg˜ = 1 TeV in the case of cascade decays to ten quarks for
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moderate mg˜−mχ˜01 mass splittings.
It is interesting to note that strong model-independent limits have been obtained in [112]. Within the
jet-counting method, the 95% CL upper limits obtained on the (observed) visible signal cross-section
vary from 0.2 fb to 2.6 fb, depending on the requirements on jet pT and number of b-jets for different
SRs. Notably the strongest limit of 0.2 fb has been derived in SR requiring at least seven jets, with pT
above 180 GeV and one b-tagged jet.
8.2 g˜ production with leptonic final states at ATLAS
In the gluino-mediated top squark→ bs (RPV) model investigated in [110], top squarks are assumed to
decay with the UDD coupling λ ′′323 = 1. The final state is therefore g˜g˜→ bbbb ss WW , characterized by
the presence of four b-quarks and only moderate missing transverse momentum.
Results are interpreted in the parameter space of the gluino and top squark masses (see figure 15).
Gluino masses below 850 GeV are excluded at 95% CL, almost independently of the stop mass. The
sensitivity is dominated by SR3b. The SR3b signal region is sensitive to various models with same-sign
or ≥ 3 leptons and ≥ 3 b-quarks. This is also demonstrated in the gluino-mediated top squark → bs
(RPV) model, where mg˜ < 850 GeV is excluded by SR3b alone in the absence of a large EmissT signature.
It is important to mention that for the same simplified model, a similar bound of mg˜ > 900 GeV has
been obtained in the ATLAS search for (7 – 10) jets and EmissT [137]. The latter exclusion limit tends to
be extended for relatively light or heavy stops.
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Figure 15: Observed and expected exclusion limits on gluino-mediated top squark production, obtained
with 20.3 fb−1 of pp collisions at
√
s = 8 TeV, for the top squark decay modes via λ ′′323 (from [110]).
As a model-independent limit from SR3b, the limit on the visible cross-section σvis = 0.19 fb has
been obtained at the 95% CL. It is interesting to note that SR3b is also the most sensitive signal region
constraining bRPV mSUGRA.
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8.3 g˜ production with multi-jets at CMS
The signal is modeled in [122] with pair-produced gluinos where each gluino decays to three quarks
through UDD-type couplings. Two different scenarios, an inclusive search and also a heavy-flavor
search, are considered in that analysis. For the first case, the coupling λ ′′112 is set to a non-zero value,
giving a branching fraction of 100% for the gluino decay to three light-flavor quarks. The second case,
represented by λ ′′113 or λ
′′
223, investigates gluino decays to one b quark and two light-flavor quarks. In
these simplified models, all superpartners except the gluino are taken to be decoupled, the natural width
of the gluino resonance is assumed to be much smaller than the mass resolution of the detector, and no
intermediate particles are produced in the gluino decay.
As is also illustrated in Fig. 16, several constraints on g˜-masses have been derived in [122]. The
production of gluinos undergoing RPV decays into light-flavor jets is excluded at 95% CL for gluino
masses below 650 GeV, with a less conservative exclusion of 670 GeV based upon the theory value at
the central scale. The respective expected limits are 755 and 795 GeV. Gluinos whose decay includes a
heavy-flavour jet are excluded for masses between 200 and 835 GeV, with the less conservative exclusion
up to 855 GeV from the central theoretical value. The respective expected limits are 825 and 860 GeV.
In the heavy-flavor search the limits extend to higher masses because of the reduction of the background.
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Figure 16: Observed and expected 95% CL cross-section limits as a function of mass for the inclusive
(left) and heavy-flavor searches (right). The limits for the heavy-flavor search cover two mass ranges,
one for low-mass gluinos ranging from 200 to 600 GeV, and one for high-mass gluinos covering the
complementary mass range up to 1500 GeV (from [122]).
8.4 g˜ production with same-sign leptons at CMS
In this analysis [118], a simplified model based on gluino pair production followed by the decay of each
gluino to three quarks is considered. It is interesting to note that the analogous model is also taken into
account in [110], as mentioned above. Moreover, UDD-like decays can in principle be motivated also
from the SUSY model with minimal flavour violation [42]. In [118], the focus is on the decay mode
g˜→ tbs. Due to its Majorana nature, the corresponding anti-particles emerge with equal probability in
the decay of g˜. Such decays lead to same-sign W-boson pairs in the final state in 50% of the cases.
The signal process is illustrated in Fig. 17. In comparison to the decays g˜→ tsd, yielding also same-
sign W -boson pairs, the mode tbs is investigated. Due to two extra b quarks in the final state a higher
signal selection efficiency can finally be obtained. The key parameter of the model is mg˜ determining
the production cross-section and the final state kinematics. The dedicated search region RPV2 with the
high-pT lepton selection is used to place an upper limit on the production cross-section.
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Figure 17: Signal process for g˜→ tbs assuming gluino pair-production and λ ′′323 coupling.
The result is shown in Fig. 18. In this scenario, the gluino mass is probed up to approximately
900 GeV. A similar exclusion limit from the corresponding ATLAS search has been obtained, as dis-
cussed in Section 8.2.
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8.5 t˜1 production with jet pairs at CMS
The analysis [120] has been optimized by studying two simplified models with stop pair production:
First, the coupling λ ′′312 is assumed leading to two light-flavor jets in the decay of each t˜1.
Considering λ ′′323 non-zero in the second simplified model, one b-jet and one light-flavor jet are
generated per t˜1. In both of the above cases, the branching ratio of the top squark decay to two jets is set
to 100% and all superpartners except the top squarks are taken to be decoupled, so that no intermediate
particles are produced in the top squark decay.
Figure 19 shows the observed and expected 95% CL upper limits obtained in [120] based on results
from the low-mass and high-mass SRs, respectively. In that case the top squark mass corresponds to mav.
The vertical dashed blue line at a top squark mass of 300 GeV indicates the transition from the low- to
the high-mass limits, and at this mass point the limits are shown for both analyses. The production of top
squarks decaying via λ ′′312 into light-flavor jets is excluded at 95% CL for top squark masses from 200 to
350 GeV. Stops decaying via λ ′′323 coupling, thus leading to a heavy-flavor jet, are excluded for masses
between 200 and 385 GeV.
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Figure 19: Observed and expected 95% CL cross-section limits as a function of top squark mass for the
inclusive (left) and heavy-flavor (right) searches for R-parity-violating stop decays (from [120]).
9 Conclusions
Results of searches for signatures of prompt R-parity violation at 8 TeV at LHC experiments have probed
RPV SUSY at the highest collider energies so far. No significant deviations have been found in the cor-
responding ATLAS and CMS analyses, implying strong constraints on superpartner masses and/or RPV
couplings. A common assumption for many interpretations are χ˜01 LSPs with varying assumptions on
dominant R-parity-violating couplings and in particular NLSP types. Using simplified models with RPC
production of NLSPs and subsequent decays via LSPs and LLE interactions, the following approximate
upper limits on superpartner masses have been obtained:
• Gluino masses m(g˜)> 950 GeV.
• Light stop masses m(t˜1)> 820 GeV.
• Wino-like chargino masses m(χ˜±1 )> 450 GeV.
• Charged slepton masses m(l˜)> 240 GeV.
• Sneutrino masses m(ν˜)> 400 GeV.
Resonance searches have mainly focused on analyzing heavy narrow resonances of tau-sneutrinos, ex-
cluding masses up to 2.0 TeV, thus extending previous limits from Tevatron significantly. Limits based
on dominant LQD couplings have been investigated in models with stop-pair production, constraining
stop masses up to 1 TeV. Relaxing the assumption of dominance of a single R-parity-violating coupling
has, for example, been investigated in the UDD multi-jet analysis by ATLAS: Variation of correspond-
ing branching ratios to different heavy quarks has lead to upper limits of gluino masses within the range
666 GeV<m(g˜)<929 GeV. In contrast to trilinear RPV models, searches for bilinear RPV have assumed
mSUGRA boundary conditions, yielding the first collider-based observed limits for bRPV models: Re-
quiring mSUGRA parameters consistent with the observed mass of the Higgs boson, limits from bRPV
searches exclude gluino masses in that model around 1.3 TeV.
The strongest model-independent limits for observed visible cross-sections have been derived at
approximately 0.2 fb. It is interesting to note that such a strong constraint has been obtained in the
following searches:
• Multi-leptons in SRs requiring at least three light leptons.
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• Same-sign or three leptons in combination with at least three b-jets.
• Two hadronically decaying taus in conjunction with jets and EmissT .
• Seven jets, with pT above 180 GeV and one b-tagged jet.
Summarizing the relevant signal regions defined for these searches at the ATLAS and CMS experiments
also facilitates identifying possible new targets for future analysis optimization. This should include
improved reconstruction of highly collimated objects with low EmissT , relevant in scenarios predicting
strongly boosted final states.
Obviously the whole parameter space of RPV SUSY has not been covered in LHC searches. Various
options in particular for investigating LQD couplings remain and should be subject of systematic studies.
Indeed most of the limits for prompt RPV from Run I have been obtained assuming either LLE or UDD
couplings in simplified models. Therefore it would be interesting not only to vary the types of RPV
couplings, however also consider approaches for studying complete SUSY mass spectra with different
R-parity-violating couplings. As an example, extending pMSSM models with RPV decays would lead to
significantly different final states topologies in comparison to the RPC-based pMSSM models analyzed
frequently. Also considering alternative options for the nature of both the NLSP and the LSP would
modify some of the model-dependent results mentioned before. As an example, the assumption of a stau
LSP has only been investigated in the analysis of 7 TeV data implying different final states with respect
to χ˜01 LSPs. It would also be interesting to search for various types of heavy sparticle RPV resonances
using the increased future energies at the LHC.
Since the largest cross-sections are predicted for supersymmetric strong production processes for
LHC Run II, signatures from gluino and/or squark production typically offer high potential for future
RPV searches. Increasing the luminosity will also enhance the sensitivity for searches focusing on elec-
troweak production processes. Ultimately, the results for RPV SUSY in Run II can become crucial for
the question of supersymmetry at the weak scale.
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